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1. Introduction 
A significant global change has shaped up the industry recently. Industrial operations have transformed from 
local to global market. Digital business and the implementation of extended enterprise are new playgrounds and 
have become strategies to survive. All industries comprise an international co-operative network to provide 
manufactured goods and support services for a world market just in time, at low prices and with quality 
surpassing customer’s expectations. Based on these, it comes into view that manufacturing plays a significant role 
in any industrialized nation because it is one of the primary wealth-generating activities for any nation [1].  
Concerning the situation above, excellence in manufacturing will be one of the important strategic missions 
that have to be considered by every nation in the future. In achieving the goals of manufacturing excellence, 
manufacturing education becomes one of the important drivers alongside with the high added-value design; the 
new business models; the advances in industrial engineering and the advanced manufacturing technology (Figure 
1). Consequently, knowledge-based which addresses innovative human resources and educational infrastructures 
are very important aspects towards the direction of manufacturing excellence goal [1]. 
Figure 1. The Role of Education in Promoting Manufacturing Excellence [1] 
Considering all requirements of the current manufacturing activities, the following aspects will shape up the 
future stand-point of education on manufacturing excellence [2, 3]: 
a. Knowledge and skilled workforce, 
b. Attractive education program (to the young) 
c. Multidisciplinary education 
d. Setting up priority on pioneering spirit  
e. Integrated research, innovation and education 
Consequently, manufacturing education should respond to its significant roles and follow a new approach in 
order to prepare industry toward the future generation and its growth. Therefore, the manufacturing education 
should:  
a. Develop new strategic objectives 
b. Highlight new challenges 
c. Formulate unique educational paradigms 
d. Develop integrated plans and actions  
In order to cope with the above challenges, new strategic developments for future global manufacturing 
education require [1, 4, 5]: 
a. Synergy between academia stakeholders and industry. This facilitates the integration among academic 
activities (education and training, research and development, and community/industrial services) so that 
educational institution can contribute a significant impact on industrial competitiveness and technological 
development.  
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b. Developing skill required for the next-generation human resources for manufacturing. Education program 
should fulfill the new requirement of knowledge-based manufacturing, promote innovation and 
entrepreneurship, and focus on teamwork, leadership and integrity, global awareness and multi-cultural spirit. 
In relation to the challenges of the future way of business operation for the manufacturing industry, a new 
model of education program in manufacturing strategy is needed to be considered within which both 
manufacturing technology and manufacturing business are covered in the curriculum of the program. However, 
the main questions are what would be the approach and how to develop the curriculum successfully? Regarding 
to these questions, the education institutions are required to identify: (a) a suitable education system/model in 
relation to their excellences with respect to the recent educational system/model, and (b) an appropriate 
curriculum for the specific requirements of the local manufacturing industries. The underpinning idea of this is 
that the development of the curriculum or academic program should be based on a global definition and 
understanding of manufacturing industry requirements for education and training [6]. 
This paper tries to answer the above questions by offering a new model of manufacturing education, called 
Production Based Education (PBE) which has been implemented in POLMAN Bandung. The explanation of the 
model will be focused on the way in which PBE integrates the industrial environment and education systems. 
This is regarding the implementation of knowledge transfer to maintain technological excellence in industry and 
the development of qualified workforces for manufacturing through Tri-Dharma Perguruan Tinggi. 
Before deliberating about PBE, the paper will explore the global perspective in labor market in order to 
comprehend the today’s market demands on human resources regarding the issue of manufacturing excellence. 
Furthermore, the paper will draw attention to some challenges and opportunities on global education system. 
Towards the end, some constraints and recommendations concerning the implementation of PBE will be 
addressed. 
2. Global Perspective in Labor Market 
Human resources are the strategic assets that the education systems should prepare to continuously apply and 
to transform knowledge into a competitive tool by producing high added value for manufacturing. In preparing 
the next-generation of human resources and fulfilling the requirements of global perspective in labor market the 
following aspects should be considered carefully [7, 8]: 
a. Today dilemmas: globalization, knowledge management, time & cost reduction, global supply chain, multi-
resources, resources utilization, human resource development based on performance, human resource 
management, implementation of strategic planning, process measurement & analysis, corporate culture, 
outsourcing, learning organization 
b. Systematic & integrated process: Parallel / Simultaneous 
c. Utilization of information & generic system
d. Mobilization of innovative human resources
e. Characterized by knowledge & information based
The reasons for considering the above aspects are due to new environment set-up in labor market, which refers 
to some significant changes in [7,8]: 
a. Organizational: integration; 
b. Paradigm: flexible, lean, and team organization 
c. Workplaces: knowledge based, response  
d. Workforces: solving problems, multi-cultural, proactive, contribution and total participation; 
e. Qualification requirements:  interdisciplinary abilities/attitudes, and  
f. Principles of future working organization: decentralize decision, knowledge collaboration, interaction, 
competency based. 
The above new environments will have a significant implication to the academic world particularly higher 
education institutions, which brings them to two choices whether they (a) trail behind technological and 
economical development, or (b) shape a new role and participate in the change processes [8]. To shape its new 
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role, one way of enrichment of the higher education is having a ‘co-operation’ with industry (i.e. through case 
study, data, process consultancy), professional association (i.e. in standard competency, job requirement), and 
government (i.e. in national education direction and regulation), particularly in relating to planning, design, and 
evaluation of education/training process [8]. 
As benefits of this ‘co-operation’, it is expected that higher education institutions will able to provide qualified 
professionals who are ready to work, competent, have good career development, and able to improve social status 
and incentives. For industries, they are easy to recruit ‘qualified workforces’ and able to reduce the cost for 
personal recruitment. Thus, government as a regulator will get the benefit in assuring a national qualification 
standard, more competitive, reducing training centers, and assuring national social and economical stability [8]. 
3. Global Education: Challenges and Opportunities 
In the next decades, it is foreseen that the interaction of key factors related to globalization, new technology, 
market demand, public values, fiscal measures, regulation and overall societal change, will contribute to shaping 
the future of global manufacturing [4]. Within this context, key challenges must be addressed by the 
manufacturing education initiatives and stakeholders [5].  
Many new challenges will arise for the development of manufacturing education globally as well as the 
opportunities. On one hand there are some successful manufacturers who can definitely gain from new 
opportunities, on the other the structural changes yet have to be accomplished.  One of the most demanding 
changes is related to the national educational system which has to be in-line with global educational systems, 
particularly related to [1, 4, 5]: 
a. Internationalization in education and research. New information and communication technologies have 
significantly accelerated the momentum of internationalization. Therefore, it is a key challenge to leveling up 
human resources and knowledge/information in manufacturing more international, as well as overcoming 
fragmentation and creating multidiscipline and multicultural synergy.  
b. Entrepreneurship and innovation. Research and Development or innovation is the major driving force for 
continuously providing the customer with added value. Moreover, it is crucial in keeping and maintaining 
the competitiveness of the manufacturing industries. Embedding entrepreneurship and innovative spirit in the 
manufacturing education system becomes a major challenge of manufacturing education in the future. 
c. Education attractiveness in the society. In general, the public especially the young people recently do not see 
that manufacturing has contributions to manufacturing processes sustainability and improvement. Therefore, 
the key challenge for manufacturing education is to innovatively develop education programs that promote 
the attractiveness of manufacturing to young talents. 
d. Value creation status and job positions. A large number of low-skilled jobs in manufacturing are problems 
for several developing countries. Therefore, it will be a major challenge to provide a good manufacturing 
education that could educate and train high-level personnel for new manufacturing jobs.  Regarding this 
issue, Figure 2 indicates that the focus on pre- and post-production phases offers opportunities to 
manufacturing industries for increasing both employment and profitable investments. 
Figure 2. The value creation stages in manufacturing industry [1] 
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e. Future manufacturing curricula. New manufacturing education models that fulfill the requirements of the 
future innovative human resources are required. Therefore, the development of future curricula needs to 
consider and focus on (a) manufacturing strategy, (b) capability of human resources working in teams, (c) 
broad knowledge of modern and advanced manufacturing practices and of managing projects and other 
people. 
4. POLMAN’S PBE Initiative  
For Indonesia, with its leading in land and population size, manufacturing education will require a concept and 
strategy of its national development within which concentration may be put on both the services and the 
manufacturing sectors [9]. Most higher education institutions in Indonesia are still acting separate from the 
industry. The output of their educational programs often fails to meet the needs of the manufacturing enterprises 
due to the development of educational curricula that has not kept pace with either the growing complexity of 
industry or the economy, and even less with the rapid advance of new technologies. Moreover, the outcome of 
academic research are typically presented in the scientific community, through technical papers in scientific 
journals, presentations in conferences, workshops etc, however, without being directly accessible to the industrial 
community. In this way, it is difficult for industry to comprehend and adapt directly to the technological 
advances. 
Nevertheless, polytechnic in Indonesia - a vocational higher education institution with its particular mission to 
provide human resources for the industry - has positioned itself as part of the industrial sets, from which the 
development educational program of polytechnic is derived to meet industry’s expectation where it becomes a 
multi disciplines and multi level education institution with the aim to fulfill future requirements of the industry 
competency level. Since the first polytechnic education established in 1975, which is Politeknik Mekanik Swiss
(PMS)-ITB with its current name: Politeknik Manufaktur Bandung – (POLMAN Bandung), polytechnic 
promoted a new educational concept/model in providing motivated and highly skill “middle level” manufacturing 
technicians who are able to solve industrial problems toward the aspect of technological implementations and 
realizations in the area of precision mechanics and tooling [9, 10]. 
Characterizing its education program by heavy practical portion (~67%), POLMAN Bandung has challenged  
itself and started implementing a new education concept/model known as Production Based Education (PBE) in 
order to promote and develop competency and professionalism. This concept of PBE has also implemented as a 
strategic framework for promoting productive teaching and active learning at POLMAN Bandung. The basic idea 
of PBE is to insert a production work (a real order from industry) into practice program substituting the 
structured exercises without ignoring the scope of skills and knowledge aimed by the curricula. 
In dealing with manufacturing/production to fulfilling the market needs it is required to consider and to follow 
business rules and practice, but yet to keep the objective and goal of education/training. This appears to be a 
dilemma that needs to be considered [10, 11] since integrating the manufacturing/production environment with 
education is not as simple as should be. 
4.1.  PBE Concept 
The PBE is considered to be a promising initiative towards this dilemma. The concept becomes a new 
paradigm in manufacturing engineering technology, education and training. The objective of the POLMAN’s 
PBE has been progressed to seamlessly integrate the Tri-Dharma Perguruan Tinggi activities (engineering and 
design, community and industrial services, and education and training) within a PBE initiative (Figure 3). With 
this new objective, PBE provides manufacturing professionals who are able to promote and to contribute in the 
future perspectives of a knowledge-based, competitive and sustainable manufacturing industry [12].  
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In order to integrate education into manufacturing, a transformation process has to be made from a pure 
education into a teaching industry. In the context of curriculum development, at the beginning of the 
establishment in mid 70s, POLMAN started PBE with a very strong practical based education, with well 
structured theoretical subjects and uniform practical exercises for all students. After acquiring the basic 
manufacturing technological skills, the saleable goods was introduced to the education and training  as well as 
receiving orders of simple products from industry. Students were managed to only doing component production 
which fit to the structured exercises to support the production activity. 
The growing confidence from industrial customers contributed bigger challenge and opportunity to further 
increase production activities.  This situation was evidence for the way in which industrial jobs overflowed the 
educational activities and influenced the structured exercises. It was then a transformation from practical based 
education to production based education was established.  The whole structured exercises were transformed into a 
flexible exercises scheme according to job planning and required competencies.  
As the jobs from industry flows more and more in numbers, variety and complexity, they are getting more 
difficult to cope especially for delivery time and at the same time as the quality of educational program must be 
maintained. This brings about the crucial situation of distributing the appropriate industrial jobs to the students as 
their structured exercise against the complexity and delivery time of the products. In this set of circumstances, the 
involvement of the teachers/instructors and technicians is required. Table 1 illustrates the roles of 
teachers/instructors, technicians and students, as executors, and distribution of the industrial jobs with respect to 
the jobs complexity and delivery time, which are classified into four categories [9, 10]. 
a. Less Complexity – Less Tight Delivery Time: since the complexity of the job is still less equal to student 
competency and there is a plenty of time to deliver the job, the students are assigned to fully execute the job 
under teacher/instructor supervision 
b. Less Complexity – Tight Delivery Time: similar to category a), however the tight supervision of 
teacher/instructor is required due to tight delivery time 
c. High Complexity – Less Tight Delivery Time: the high complexity jobs require the involvement of 
teachers/instructors to partly execute the job by firstly deriving the level of job complexity less equal to the 
student competency so that the students can also partly execute the job 
d. High Complexity – Tight Delivery Time: This is an extreme situation that both teachers/instructors and 
students are not recommended to execute the jobs. The technician (professionals) who are fully responsible 
to execute the job 
Table 1. Classification and Distribution of Industrial Jobs 
No. Condition of Production Distributions of Executors 
Teachers / Instructions Technicians Students 
1 << Complexity and >> Time  { z
2 << Complexity and << Time  { z
3 >> Complexity and << Time } { }
4 >> Complexity and >> Time { z {
zFully Executor }Partly Executor Supervision { not involved
As these activities continuously carried on and the business was getting bigger and bigger, a new scheme 
development of production based education was established toward a full integration philosophy of education into 
manufacturing business. 
4.3. PBE Consequences  
To support the implementation of the curriculum towards the new PBE scheme, POLMAN undertakes two 
important steps [12]: 
a. Restructuring organization: this is in order to accommodate the Tridharma Perguruan Tinggi as well as to 
allow expansion of industrial activities; 
b. Setting  up quality systems: this is concerning a better quality services to the industrial customers 
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a) Restructuring Organization   
As higher education institution, the structure and job functions of several sub-organizations in POLMAN are 
reformed. The most important constraints of improving the new organization structures are: 
x Government regulation 
x Flexibility to accommodate production and business activities 
x Empowering all resources 
x Efficiency and effectively 
x Productivity 
POLMAN's new organization structure is then defined in 3 main functional organizations: 
x Centers as Pullers 
x Divisions / Departments as Core,  
x Units as Supporters. 
Centers: The main function of the centers or pullers is to manage activities on product developments and 
industrial services. Centers will define specifications and programs which will be executed by divisions / 
departments. The centers are matrix sub-organizations which work with commissions and project teams staffed 
by professionals from divisions / departments. There are three centers: 
x Center for Education to do Academic Planning, Control and Development, is responsible for (a) Formulating 
curricula, syllabi, education program; (b) Academic administration; (c) Education innovation 
x Center for Engineering and System Development, is responsible for (a) Product development: design and 
engineering; (b) Manufacturing System development 
x Center for Industrial Services, is responsible for (a) Public relation; (b) Marketing (market analysis and 
market strategy); (c) Customer  service & sales; (d) Planning  and control the internal program execution 
Divisions/Departments: Divisions/Departments are the core parts of the organization, which are responsible for 
carrying out the education, manufacturing production and process as well as prototyping. The divisions / 
departments have adequate facility and supported by qualified personnel. There are two meanings of 
divisions/departments: (a) Divisions / Departments as specific sections consist of shop floor planning and control, 
production execution and quality control; (b) Division in the industrial context means department in the 
educational context. 
Units: a Unit can be a supporting organization to render service and support in all activities carried out by centers 
or divisions / departments. The Unit can also be part of division or center. Supporting units consist of among 
others purchasing and logistic, facility maintenance, library, multi media etc. 
b) Setting up Quality Assurance 
The various activities in the matrix organization require a management system to assure that all jobs are done 
according to standard, so that the quality of the output (product and service) conforms to the requirements. 
Therefore, POLMAN commits to implement the quality management system of ISO 9000. The quality system 
ISO 9000 requires that all activities done are conforming to the defined procedures, recorded, identified and 
traceable. The system manages what, when, where, why, and how things are done and who is responsible for each 
activity. By implementing this quality management system, POLMAN will assure that the output conforms to the 
standard requirements. The implementation of ISO 9000 includes [10, 12]: 
x Human Resource: To back up the defined programs, the need of personnel with high professional 
competence and skill or special qualifications is inevitable. POLMAN has set the D3 Polytechnic formal 
education as minimum qualification for all personnel involved in education, production and engineering 
programs. In spite of that, they are only involved in specific technical execution in the production. To be 
qualified for supporting PBE, 40 - 50% of staffs should posses one or two qualification levels higher than 
D3. Internal training becomes mandatory. All employees must take Quality Awareness Internal Training in 
addition to other specific technical internal training. All development activities will be done metrically by 
committee, project team or task force. With this system POLMAN is starting to implement Total Quality 
Management. 
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x Infrastructure and Facility: POLMAN's program can only be run optimally with the support of adequate 
facility and infrastructure. The minimum competency could be reached if one machine, computer or other 
facilities, in practical program are provided for every student or trainee. Facilities must be regularly 
calibrated, and each of nonconformity must be recorded in quality documentation system and corrective 
action must be taken. Rapid development of manufacturing technology forces POLMAN to update its 
facility. Some conventional facilities have to be replaced by automatic and programmable one or even by 
intelligent technology.  
5. Constraints and Recommendation 
In order to successfully address the challenges in implementing PBE and achieve the new objectives of 
manufacturing education in Indonesia, a number of integrated actions, linking people and societal needs to both 
the industrial and education systems, are recommended [2, 4]. A systematic approach would require that such 
actions be identified at multiple stakeholders. In order for these actions to be effective, varying educational and 
business cultures and regulatory frameworks, across the stakeholders, should be respected [4, 7]. As 
recommendations, a number of actions that could be considered important and applicable include: 
a. Specific government policies are required in order to facilitate education institution to set up ‘company’ like 
infrastructure so as to apply the academic output and research results and then gain the benefits and profits;  
b. The development of centers and networks of excellence for manufacturing knowledge and technology to 
efficiently structuring the excellence in manufacturing education and research;  
c. Upgrading human resources and knowledge/information to become more international to  increase the 
mobility of human resources - either through student exchange schemes or in industry/academic institution 
partnerships; 
d. Improvement on the collaboration among human resources in the knowledge-based chain; 
e. Strengthening synergy between academia and industry through intensifying effectively the collaboration 
needs towards, for example,  the transfer and dissemination of knowledge, research and development 
(innovation), the establishment of  joint degree program, industrial training, industrial real-life driven 
courses, and manufacturing departments and/or universities driven by industry;  
f. The investigation of required focus and structure for future manufacturing curricula, and the integration of 
manufacturing qualifications in national and international engineering curricula; 
g. Reorganization of manufacturing educational program for a high potential impact on competitiveness; 
h. Synergies between major stakeholders (government and industry) for improving the innovation in 
manufacturing environments, particularly in identifying strategic directions of innovation and support the 
undertaking of the respective business risks; 
i. The development of intellectual mechanism for which the knowledge and expertise acquired and developed 
by academia could flow directly to industry; 
j. Placement of technology transfer to manufacturing processes so that the proven technology developments 
can be implemented and integrated into the processes; 
k. Promote international synergies for defining the future strategies on manufacturing education and activities 
in order to improve the manufacturing education and training 
l. Support new models and paradigms in manufacturing education (i.e. the POLMAN’s PBE) 
6. Conclusions 
As the excellence in manufacturing become more important mission of every nation, manufacturing education 
turns out to be significantly important, particularly in Indonesia, in producing highly educated and motivated 
workforces. The manufacturing education initiatives should fulfill the new requirement of knowledge-based 
manufacturing which put forward skills required for the next-generation human resources for manufacturing.  
Accordingly, educational institutions in Indonesia have to challenge themselves setting-up a unique 
concept/model of education and training programs in order to provide workforces with new competencies and 
qualifications that suit for the new manufacturing generation. Collaboration between academia and industry is one 
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important strategy towards this direction. Implementing real – life industrial practice within education activities is 
considered as a catalyst in this collaboration. With a growing emphasis on lifelong learning, it is essential for 
industry and educational institution to form strategic alliances to ensure human resource development.  
POLMAN's experience shows that the POLMAN’s Production-Based Education (PBE) will become a 
breakthrough for the future perspective of education on manufacturing excellence in Indonesia. The 
manufacturing integrated education through PBE is an integration of education and training, engineering and 
design, and community and industrial services (production activities) in a business environment. With this 
manufacturing integrated education (PBE), POLMAN Bandung has proven its best practice to fulfill the 
requirements of manufacturing excellence particularly in providing a suitable education system/model with 
respect to the global educational system/model, and an appropriate curricula for the specific requirements of the 
local manufacturing industries. 
Finally, running education program with PBE concept, POLMAN has proved that providing qualified 
manufacturing professionals for industry does not necessarily be a cost center. Moreover, the education program 
can also become the responsibility of and implemented by industry in general to accelerate competitiveness of a 
country. 
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